Modeling Profit Series:  Nonstationarity and Long Memory by Gschwandtner, Adelina & Hauser, Michael A.
www.ssoar.info
Modeling Profit Series: Nonstationarity and Long
Memory
Gschwandtner, Adelina; Hauser, Michael A.
Postprint / Postprint
Zeitschriftenartikel / journal article
Zur Verfügung gestellt in Kooperation mit / provided in cooperation with:
www.peerproject.eu
Empfohlene Zitierung / Suggested Citation:
Gschwandtner, A., & Hauser, M. A. (2008). Modeling Profit Series: Nonstationarity and Long Memory. Applied
Economics, 40(11), 1475-1482. https://doi.org/10.1080/00036840600794355
Nutzungsbedingungen:
Dieser Text wird unter dem "PEER Licence Agreement zur
Verfügung" gestellt. Nähere Auskünfte zum PEER-Projekt finden
Sie hier: http://www.peerproject.eu Gewährt wird ein nicht
exklusives, nicht übertragbares, persönliches und beschränktes
Recht auf Nutzung dieses Dokuments. Dieses Dokument
ist ausschließlich für den persönlichen, nicht-kommerziellen
Gebrauch bestimmt. Auf sämtlichen Kopien dieses Dokuments
müssen alle Urheberrechtshinweise und sonstigen Hinweise
auf gesetzlichen Schutz beibehalten werden. Sie dürfen dieses
Dokument nicht in irgendeiner Weise abändern, noch dürfen
Sie dieses Dokument für öffentliche oder kommerzielle Zwecke
vervielfältigen, öffentlich ausstellen, aufführen, vertreiben oder
anderweitig nutzen.
Mit der Verwendung dieses Dokuments erkennen Sie die
Nutzungsbedingungen an.
Terms of use:
This document is made available under the "PEER Licence
Agreement ". For more Information regarding the PEER-project
see: http://www.peerproject.eu This document is solely intended
for your personal, non-commercial use.All of the copies of
this documents must retain all copyright information and other
information regarding legal protection. You are not allowed to alter
this document in any way, to copy it for public or commercial
purposes, to exhibit the document in public, to perform, distribute
or otherwise use the document in public.
By using this particular document, you accept the above-stated
conditions of use.
Diese Version ist zitierbar unter / This version is citable under:
https://nbn-resolving.org/urn:nbn:de:0168-ssoar-240417
For Peer Review
Modeling Profit Series: Nonstationarity and Long Memory 
Journal: Applied Economics 
Manuscript ID: APE-05-0673 
Journal Selection: Applied Economics 
Date Submitted by the 
Author:
01-Dec-2005 
JEL Code:
L00 - General < L0 - General < L - Industrial Organization, C22 - 
Time-Series Models < C2 - Econometric Methods: Single Equation 
Models < C - Mathematical and Quantitative Methods 
Keywords:
persistence of profits, fractional integration, nonstationarity, taper, 
Whittle likelihood 
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
For Peer Review
 
	
	
ﬀﬁﬂﬃ! "#	
ﬃ #	$&%' ﬃ)(*ﬃ+ -,.ﬃ!%
/1032547698;:<4=25>#?*@AB C*DFE3EFGIH
JLKNMPORQ9SITFOU
/1098WVFC?;XYZ2\[]4_^=:`A;[a^=A:b8c>Fdfe&:b>Fg!^h:iXR^
8j4kdl>:mnG3oqp-rsYtX?ARduX&[v^=A:`2w?9xy[a>#Yze;X?3258P4*254{X|?;XB C9}a8nV~PCY8jX|?94
>Fdd$:<X&[v^25>#?;XBN2w?R^
8jx#:<X9^2 >#?^
8n[90?32\#A98j4*X;4hX|?XB ^
8;:?;XR^2 698W^
>^=098[P>#Y{Yf>#?B CA94_8nVŁ*+Yf>#V38;B 4k12 ^=0
:<8P4aeF8n[v^^
>^=098ke38&:b4v2 4_^
8;?;[P8z>Fde;:<>&g!^
4$vHﬃ/098;:<8;~PCz^=098e94_8&A;V3>W4aeF8n[v^=:iXB#V38;?94v2 ^`C]X|e;:<>X;[;0h>FdN8;B5X94[a>LX?;V
ﬀ>!~32?94_>#?^
>Fx38P^=098;:112 ^=0Yf>#V38;B-48;B 8n[v^25>#?[;:`2 ^
8&:u2\X254*X|eeB258nVIH/1098:<8P4aAB ^
44a09>n.zV38P4ae32 ^
8^=0984v09>:b^
B 8;?9xF^=0941>Fd"^=098{48;:`2 8j4fX|?;VW^
8P4_^
41dl>:N^=098]2?R^
8Px38&:"V38jx#:b8j8P4f>Fd2?R^
8Px#:iXR^25>#?L 
d = 0, 1 ¡
7^=0;XR^¢FGHG|£¤>&dŁ^=098
4_8&:`2 8j4cYXPCL"8&BwBŁ~38LXee;:<>j¥|2YX9^
8jV~PCB >#?9x:<X|?9x38LV38&e38;?;V38&?R^e;:<>![P8j4_4_8j4a¦X?;VG3§|£¨X&:b8y?9>#?94
^_X9^2 >#?;X&:©CnH
/103254t254X[P>#?Rgª:YXR^25>#?]>&dŁ^=098h4
^=:<>!?9xL[;0;XBwB 8&?9x38{^
>W^=098z[P>#Y{e38a^2 ^2 698h8&?R632w:<>#?Yf8&?R^0RCe3>F^=098P4v2 4f>#~R^_X32?98jV
~aCWe;:<8a6325>#A944
^=A;V!258P4jH
«¬­®h¯
Q&°MFU
d$:iX;[a^2 >#?;XB2?R^
8jx!:iXR^25>#?|¦?9>#?94
^_XR^25>#?;X&:u2 ^uCj¦ﬀe38&:b4v2 4_^
8;?;[P8z>Fde;:<>&g!^
4a¦I^_X|eF8&:±¦#²³032 ^$^=B 8*B´2wµ=8&B209>¶>#V
·¹¸tº
T
¯
°
¬
UZ»&E3E#¦ﬀ¼D3D
JT;½¾
¯!®W¿l¬
°ÀªÁ
¬
¾ﬀOU
/1098ZX|AR^=09>:<47">#AB5VB´2wµ=8{^
>]^=0;X?µ{@R8j4vA94¼Ł:b8j4ve3>¼NA;X&:b8j4vYtXhdl>:ﬃ0325476;XBwA;X~B 8*:b8&YX&:µP4PH
Â
Page 1 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
  
¶  #	
ﬃ
r!^_X&:©^2?9xZ2 ^=0t^=09848;Y{2w?;X|BF[P>#?R^=:u2~AR^2 >#?94ﬃ>FdcA98;BwB 8;:± m		#¦ m
3o
¡
¦Y{A;[;0h:<8j4_8nX;:i[;00;X94~38P8&?*A?;V38;:b^_Xµ=8&?
2?c>:iV38&:ﬃ^
>4v098nVB25x#0R^f>#?c^=0988;Yze32w:`2\[PX|B-:b8&B 8a6;X|?;[a8>Fd^=098[a>#YzeF8P^2 ^2 6988&?R632:b>#?Yf8&?R^h0RCeF>F^=098j4=254PH]/098
YX2w?y2\V38jX>&d^=03254]B´2 ^
8&:<X9^=A:b8F¦N032\[90B5XR^
8&:~38j[jXY8µ&?9>n?X;4k`^=098eF8&:<4=254
^
8&?;[a8>Fde;:<>&g!^]B2 ^
8&:<X9^=A:b8a¦254
^=0;XR^Z2w?Y>F4_^ZYX&:µ=8a^
4tgﬀ:`Y4{YtXaC8nX&:`?W4vAe38;:?9>:YXBe&:b>Fg¶^
4h~38j[jXA948cYX&:`µ=8P^
4ZX&:b8]X¹8j[a^
8nV~aC8v¥;^
8;:?;XB
4v09>#[9µj4a¦~F8n[PX|A94_8>Fd1gﬀ:b4_^Y>&698&:X;VF6;X|?R^_X9x38j4z>FdfV3>#YZ2?;XR^2?9xgª:Yf4]>|:k~F8n[PX|A94_8>Fd{~;X&::u258&:b4*>Fdf8v¥|2 4_^2w?9x
8&?R^=:©C&8v¥|2 ^aH|698&?^=09>#A9x#0W[P>#Y{e38a^2 ^2 >#?L4v09>#AB5V:b8nV#A;[P8X?RC>F698&:>:A?;V38&:?9>:YXB:<8;?R^
4P¦^=098B´2 ^
8&:©
XR^=A:<84a09>n4{^=0;XR^h2 ^t^_X|µ8j4Z^2Yf8Wdl>:^=098W[P>!YzeF8P^2 ^2 698Wdl>:i[a8j4Z^
>">:µcX|?;V^=098;:<8adl>|:b8e;:<>Fg¶^
4zX|~F>F698]^=098
?9>:Y YXPC8v¥|2 4_^>F698&:7B >#?9x38;:^2Yf8Le38;:`25>!V34PHt?98]>Fdﬃ^=098LYtX32?cX2wY4>Fdﬃ^=03254hB2 ^
8&:<X9^=A:b8L254^
>4
^=A;VFC09>n
duX94_^X|?;V]^
>*f0;XR^8=¥;^
8&?R^X|~?9>:YXBIe&:b>Fg!^
4X&:b8Z8&:<>!V38nVIHr!>#Y8Z8=¥FX|Y{eB 8P4>FdN^=032 4t~&:<X|?;[90*>Fd:<8P48jX&:i[90X&:b8
x!2 698&?t~aC8&:b>34aµ929X?;Vk@9X&[P#A98&YZ2?| m	
	

¡
¦XYz~0;XYze;XR^2  m	FG
¡
¦>#VVX&:<VtX?;Vf²³2wB 4_>#?| m	
¡
¦¶][NX|0;X?
X?;Vﬀ#>:b^
8&: m	
¡
¦¼X|~B 8h8P^fXB H  ±D3EFE#m
¡
X|?;VﬁﬃB 8&?8a^X|BH D3E3E#m
¡
¦I^
>yY8;?R^25>#?ﬃﬂA94
^Xdl8vHzcA98;BwB 8;:± m	3E
¡
X?;X|B C9}P8P4*e&:b>Fg!^he38&:b4v2 4_^
8;?;[P82?V38P698;B >#eF8nV[a>#A?R^=:`2 8j4 _¼X?;X&VX|¦²8j4
^ 8&:`YtX?RCP¦"!:iX?;[P8&¦"@9Xe;X|?|¦p#¦
p-ryX?;Vcr¶"8nV38;?
¡
X?;VL[P>#?;[9BwA;V38P41^=0;XR^2w?X|B´B|^=098j4_8z8j[P>#?9>#YZ258P4{e;:<>&g!^
4ke38;:<4=254
^aH$k?98{>FdN^=098Yf>:<8:<8n[a8&?R^
[P>!?R^=:`2~AR^2 >#?94L~aC]X&:`ARCnXYXyX?;V%1VX;x¶2:`2 ±D3EFE3D
¡
dl>#B´B >n4]¢	3o@9Xe;X|?98P48gª:Yf4z032\[908;:<8e&:b8P632 >#A94aB C
X?;X|B C9}P8jVZdl>:I^=098ke38;:`25>!Vm3oF§&&
3DtX?;VZgª?;V34Ł^=0;XR^7~aCtX;VV!2?9xmnG*Yf>:<8CP8nX&:b4>FdVXR^_X|¦3^=0981[P>#?;[9BwA94=25>#?4_^_XPC94
^=0984XYf8	'he;:<>Fg¶^
4k4_^2wBwBeF8&:<4=254
^aH(4[;0nﬃX?;VF^=?98&: ±D3EFEFG
¡
2?R698P4_^2 xX9^2w?9x)
FG4aA:©632 632w?9xp-r[P>!Yze;X?3258P4td$:<>#Y
mFG3E;=m	gﬀ?;V34^=0;X9^[a>#YzeF8P^2 ^2 698dl>:<[P8j4-8;:<8?9>F^X~B 8^
>8;:<>!V38e&:b>Fg¶^
4N8a698&?XRdi^
8&:IXke38;:`2 >#V>&d GECP8nX&:b4jH
 ?XBwBŁ^=098j4_8q4
^=A;V!258P4P¦tX|AR^
>:<8Px#:<8P44=2 698 e;:<>![P8P44_8j4>FdB >n >|:<V38&: Yf>34
^=B Cq>Fdz>:iV38&:Z>!?98
¡
0;XR698~38P8&?q^=098
12\V38;B CnA94_8nVc:b8&e;:<8P48;?R^_X9^2 >#?94>Fd^=098kVFC?;XYZ2\[P4>Fd"e;:<>&g!^
47X|?;Vc0;XR698{~F8n[a>#Y8f^=098zYf>#V38;B´2?9x{>:µ;09>:<4_8tdl>|:
8P6;XBwA;XR^2?9xz^=098kX&V38j#A;X&[vCZ>Fd^=098Z[P>!YzeF8P^2 ^2 698t8&?R632w:<>#?Yf8&?R^10RCeF>F^=098j4=254PHr#>#Yf8dl8a XR^$^
8&Y{eR^
40;X9698{~38P8&?
YX&V38^
>y8=¥;^
8&?;V^=032 4Yf8P^=09>!V3>#B >FxFCnH¼X~B 88P^{XB H  ±DFE3E#m
¡
e;:<>#eF>34_8LXL4
^=:A;[a^=A:<X|Bﬀ^2Yf8c4_8&:u258j4zX?;X|B C94v2 4]2w?
>:iV38;:^
>V38j4[;:u2~38L^=098LVFC?;X|YZ2\[a4h>Fdf[P>!Yze;X?RCe&:b>Fg¶^
4jH¼N:<8j4ve3>¼NA;X&:b8j4vYtXX?;V*4[;0nﬃX?;VF^=?98&: ±D3EFEFGX
¡
A94_8Xq?9>#?B2?98nX;:X|ee;:<>X;[;0dl>:^=0984X|Yf8eA:eF>34_8X|?;V¼N:<8j4ve3>¼NA;X&:<8P4aYXX?;V%4[90nﬃX?;VF^=?98&:± D3E3EFG!~
¡
[P>!?94v25V38&:-^2Yf8a6;X&:bC32w?9xeF8&:b4v2 4_^
8;?;[P8h>&de;:<>Fg¶^
4PH
 ?{^=098*e;:<8P48;?R^e;Xe38;:¹8*e;:<>#eF>34_8t^
>WX?;XB C9}a8f^=098ZVFC?;XY{25[P4>Fdﬃe;:<>Fg¶^
47dl>:mnG3oprYX|?ARduX;[a^=A:u2?9x[a>#Y
e;X?3258j4k032\[90qYX?;X;x38jV^
>4vA:b632 698Wd$:<>!Y m&GE;=m+		#¦~aCY8jX|?94z>Fdd$:iX;[a^2 >#?;XB2w?R^
8jx#:<X9^2 >#?¶H/1098&:b8LX&:b8
4_8P698&:<X|B!YtX;[;:b>!8j[P>#?9>!Y{25[fX?;Vzgª?;X|?;[R2\XBF4
^=A;V!258P4:b8P698nXB´2w?9xz^=098ZB >#?9xY8;Y>:©C*e&:b>#e38;:b^2 8j47>&d8n[a>#?9>#YZ2\[1^2Yf8
,
Page 2 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
4_8&:`2 8j4PH 2B ±7B5X?;XtX?;Vcª>#~32?94_>#?| m+		
¡
X?;X|B C9}P8X?t8=¥;^
8&?;V38nVz48a^ﬃ>Fd8&B 4>#?{X?;VB >F44_8&:Łp-rYX&[9:<>zVX9^_X
~aCWYf8nX?94>Fd-d$:iX;[a^2 >#?;X|B´B Cn~;X;4_8nV*^
8j4
^
4ke&:b>#e3>F48jV~aCLª>#~32?94_>#?| m	F§
¡
H ^=098&:8v¥FXYzeB 8j41X&:b8258;~3>#B VWX?;V
A;V38;~A94[90| m
	
¡
¦X32B´B´2 8ZX|?;V>#BwB 8&:b4aB 8P6| m+	F§
¡
X?;V 2wB ±7B5X?;XhX?;Vyª>#~32?94_>#?| ±DFE3E3E
¡
H
/1098Le&:b8j4_8&?R^he;Xe38;:e&:b>#e3>F48P4td$:iX;[a^25>!?;X|B¹2w?R^
8jx#:<X9^2 >#?cX;4kX?cX|B ^
8&:?;XR^2 698X?;VeB5XA94v2w~B 8*ﬃXaCc>Fd1Yf>#V38;B´2w?9x
e;:<>Fg¶^148;:`2 8j4kX94f>!ee3>34_8nVc^
>c^=098h[P>#?R698;?R^25>#?;XBIXAR^
>:<8Px#:<8P44=2 698]X?;VyA?32 ^k:b>!>&^X|ee;:<>X;[;0¶H>F^=0X]6;X&:`2 8P^uC
>FdV!2 ¹8;:<8&?R^V38Px#:<8P8j4t>&d4aB >n [a>#?R698&:b8&?;[P8z^
>XYX&:`µ=8P^Ze;:<>Fg¶^Z:iXR^
8F¦X?;VXV!2 698;:<4=2 ^uCW>&dﬃV!2 ﬀ8&:b8&?R^fV38jx#:b8j8P4
>FdN?9>#?94_^_XR^25>!?;X&:`2 ^`C12wBwB¶~38n[a>#Yf8{eF>344=2~B 83H"/1098{:b8j4vAB ^
412BwB&x3>]2?*B2?9812 ^=0t^=098ZYtX32?z:<8P4aAB ^
47>Fdﬀ^=098{e;:<>Fg¶^
e38;:<4=254
^
8&?;[a8WB´2 ^
8&:<X9^=A:b83H
/1098e;Xe38;:"[a>#?R^=:`2w~AR^
8j4z~aCL~F8;2?9x^=098zgª:<4
^14_^=A;VFCh^
>LXeeB CXAR^
>:<8jx!:<8j4_4=2 698hd$:<X&[v^25>#?;XBwB CW2?R^
8Px#:iXR^
8nVyYf>F6n
2?9xXR698&:<X;x38Le;:<>![P8P44_8j4Z>Fde;:<>Fg¶^t4_8&:u258j4PH/>>#A:µ;?9>RB 8nV3x38^=09848;:`258P4]A948jV254t^=098LB >#?9x38P4_^f^2Yf84_8&:u258P4
XR6;X2wB5X~B 8>#?*e;:<>&g!^
4PH"/098ke;:<8P48;?R^Y8a^=09>#V3>#B >3xFC{254Xh?98a XPC^
>z8v¥¶eB5X32?f^=098VFC?;XYZ2\[P4ﬃ>FdNe&:b>Fg¶^
40325[;0
XBwB >n4ﬃdl>|:X{4vYf>!>F^=0k^=:<X|?94=2 ^2 >#?kd$:<>!Yﬂ4
^_X9^2 >#?;X&:u2 ^uC{^
>?9>#?94
^_X9^2 >#?;X&:`2 ^`CjHp"?32 ^1:<>¶>F^~F8&0;XR6325>:N2 4ﬃ"8&B´Bµ&?9>n?
^
>~38ZXWe;:<>!~B 8&Y 2?{^=098e;:<>&g!^e38;:<4=254
^
8&?;[P8B´2 ^
8&:<X9^=A:b83H^7^=098Z4XYf8t^2Yf8Z^=098*Yf8P^=09>!V3>#B >3xFC{8v¥;^
8;?;V34^=098
4=2Y{eB 8XAR^
>|:b8jx#:b8j4_4v2 698X|ee;:<>X;[;0~aCLXBwB >n2w?9xX6;X&:u258a^`C>FdV38jx!:<8j8P4k>Fd[P>#?R698;:<x38;?;[P8*^
>XW4ve38j[92 g[ce;:<>Fg¶^
YX&:µ=8a^:iXR^
83H/098;:<8Pdl>:b87X?98v 2?;V!2\[PX9^
>:!>Fd¹e;:<>&g!^"eF8&:b4v2 4_^
8;?;[P82 4[P>#?94
^=:A;[v^
8nVIH"87X?;X|B C948ﬃ^=0984aYX|B´Ba4XY
eB 8te;:<>!e38&:©^258P4">Fdª>#A:I4X|Y{eB 81X?;Vk4a09>n^=032547Yf8P^=09>!V3>#B >FxFC[jX?4vA;[j[a8j4_4_d$AB´B Cz~38XeeB´2 8nVh2?4vYtXBwB94X|Y{eB 8P4jH
/1098t4_^=:`A;[a^=A:b8{>&d^=098*e;X|eF8&:Ł2 4X94dl>#B´B >n4jHr#8j[a^2 >#?z^l>V38jX|B 412 ^=0Y8a^=09>#V3>!B >3x!25[jXB!2 44vA98j4 '"^=098Z[P>#?;[a8&eR^
>Fde38&:b4v2 4_^
8;?;[P8L>&dke&:b>Fg!^
4$=¦"X[a>#Yze;X;:`254_>#?>Fd^=:<X&V!2 ^25>#?;XBXAR^
>:<8Px#:<8P44=2 698yYf>F632w?9xXR698&:iX9x38Y>!V38&B 4hX?;V
d$:iX;[a^2 >#?;XB 2w?R^
8jx#:<X9^2 >#?X?;VcX*4vAYzYX&:©C]>FdŁ^=098zXR6;X2wB5X~B 8k8j4
^2YXR^25>#?*^
8j[;0?325#A98j4fdl>:ﬃ?9>#?94
^_X9^2 >#?;X&:©Chd$:iX;[v
^25>!?;X|B´B Cc2w?R^
8jx#:<X9^
8jV4_8&:u258P4jHZr#8j[a^25>!?^=0:b8j8*x¶2 698j41^=098]V38P4v2 x#?>Fd^=098h8;Yze32w:`2\[PX|B4_^=A;VFCP¦V38P4[9:`2~F8j4^=098*VX9^_X
X?;Ve;:<8P48;?R^
4^=098]:<8P4aAB ^
4jHﬃ 4a09>:b^748j[a^2 >#?[P>!?;[;BwA;V38P4jH
	
 ¹
fﬃ
ﬃ	 ﬀ ]	
¶ f
 
¬
Q;MuMPO
¬
¾T
¬y¯
Q
¯ﬀ
ORMﬂﬁ
 ?[jX948>FdZV38a632\XR^25>#?94]^=098?9>&^25>#?>&dkX?8n#A32wB´2~;:`2wAY x38;?98&:<X|B´B C:b8n#A32:b8j4dl>:i[P8P4W^=0;XR^]8j4
^_X~B´254v0qX?98a
8n#A32wB´2w~&:u2AY X;x3X2w?¶H7 ?kXt4
^
>#[90;X;4
^2\[148a^$^2?9x{^=098V38a632\XR^25>#?fd$:<>#Y^=09818n#A32wB´2w~&:u2AY 6;X|B´A98j4
x∗t
¦
yt = xt−x∗t
¦
X&:b8^=098&?63258a"8nV{X;4-8jX|µ;B Cf4_^_XR^25>!?;X&:bC112 ^=0fX{Yf8nX?>&dﬀ}a8&:b>IH"r#>t^=0;XR^12 ^=09>#AR^d$A:b^=098;: 4_^
>![;0;X94_^25[4a09>![;µP4P¦
ﬃ
Page 3 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
X*[a>#?R698&:bx38&?;[a8{^
>]^=098]Y8jX|?{12BwB ~F8k>#~948;:b698jVIH
/1098e38&:b4v2 4_^
8;?;[P8>Fde;:<>Fg¶^
4
1B2 ^
8;:iXR^=A:<8#A98P4_^2 >#?94-^=03254e3>34
^=AB5XR^
8ﬃ^
>z09>#B V{2?xF8&?98&:<X|B;~aCt:<8;e3>:b^2w?9x8P6325V38&?;[a8
^=0;XR^^=098WY8jX|?94f>Fd2?;V!2 6325V#A;X|Bªe;:<>Fg¶^z:<X9^
8P4tX&:b8]V!2 ﬀ8&:b8&?R^d$:<>#Y }a8&:<>dl>:XB5X&:bx38WeF8&:<[P8&?R^_X9x38]>Fdgª:Yf4a¦>|:
^=0;XR^zYX|?RCe;:<>Fg¶^4_8&:u258P4{8=¥¶032~32 ^z?9>#?94
^_XR^25>#?;X&:u2 ^uCnH-:b8P6325>!A94k4_^=A;V!2 8j4*YZ25x#0R^{0;X9698]4vAﬀ8&:<8jVd$:b>#Y.^=098LB >n
e3>n"8&:">&dA?32 ^k:b>!>F^7^
8j4
^
4tX9xX2w?94_^14
^_XR^25>#?;X&:©CXAR^
>|:b8jx#:b8j4_4v2 698]XB ^
8&:`?;X9^2 698j4k2?4v09>:b^14_8&:`2 8j4a¦X?;Vc4>Y{2 x#0R^
0;XR698[;09>34_8&?^=098?ABwB0RCe3>&^=098j4=254t>Fd?9>#?94
^_X9^2 >#?;X&:u2 ^uCW^
>¶>>Fdi^
8&?¶HZ²8h12BwB:b8n[a>#?94v25V38&:ﬃ^=098[;B X;4_4v2 g[PX9^2 >#?
2?4
^_X9^2 >#?;X&:©CcX?;V?9>#?94
^_X9^2 >#?;X&:bC4_8&:u258P4*~PCA94=2?9xXY>!V38&B#0325[;0cX|B´B >n4fdl>:ﬃXW4vYf>!>F^=0^=:<X|?94=2 ^2 >#?d$:<>#Y
4
^_X9^2 >#?;X&:`2 ^`C^
>W?9>#?94
^_X9^2 >#?;X&:u2 ^uCj¦|d$:iX;[a^2 >#?;X|B|2?R^
8Px#:iXR^25>!?¶H»&>#?9xYf8&Yf>|:©Ct^=A:?94>#AR^ﬃX94Xh?;X9^=A:<X|B&8v¥;^
8;?94v2 >#?
>Fd[a>#?R698&?R^2 >#?;X|BIX|AR^
>:<8Px#:<8P44=2 698LYf>!V38&B~aCWX;x3x!:<8jx3X9^2 >#?¶H ﬃ:iX?9x38;:± m+	
3E
¡
¦ﬀdl>:"8=¥FX|Y{eB 8&¦4a09>n4^=0;XR^1^=098
4vAY >&dkX?2?Rgª?32 ^
8q?AYz~F8&:f>Fdz2w?;V38&eF8&?;V38&?R^*N m
¡
e;:<>![P8P44_8j4]12 ^=0~F8P^_XV!254
^=:`2w~AR^
8nV [a>!8 [92 8&?R^
4>#?
^=098y2?R^
8;:b6;XBﬃ ±E#¦m
¡
8=¥¶032~32 ^
4hd$:iX;[a^2 >#?;X|BN2?R^
8jx!:iXR^25>#?¶Hrª2YZ2B X&:ke&:b>#e38;:b^2 8j4V3> 09>#B5VXB 4_>dl>|:Y>!V38&B 4z12 ^=0
V38&eF8&?;V38;?R^e&:b>#[a8j4_48P4jH /1098VX9^_X2w?R698j4
^25xXR^
8nV³~F8&B >R ~F8&B >#?9xq^
>^=098B5X&:bx38j4
^]GE3E p-r gª:Yf4L2? m&GE#¦
032\[904vA:b632 8nVA?R^2B1m	H #X;[;0>FdZ^=098gﬀ:`Y4yYXPC ~38X94_4aAYf8nVs^
> e&:b>#V#A;[a8Xs~A?;[;0>FdzV!2 ﬀ8&:b8&?R^
e;:<>!V#A;[a^
4Z8nX;[;0c>Fd^=098;Y >#~38aC32?9x^
>2 ^
4Z>nf?e&:b>Fg¶^he;:<>![P8j4_4PHcr#>^=098WX;x3x!:<8jx3X9^
8Le;:<>Fg¶^*:<X9^
84_8&:`2 8j4]YXPC
8;BwB¶8v¥¶032w~R^B >#?9x:iX?9x38ZV38&eF8&?;V38&?;[a83H
  
Q9SITFO 
¯
¾-S
¿
`¾ﬀO
¬
À Q9S#O 
¯
¾
7AR^
>:<8Px#:<8P44=2 698LYf>F632w?9xcXR698&:<X;x38&¦ﬀŁ*¦-Y>!V38&B 4{e;:<>&632\V38*XL:u2\[;0[9B5X9441dl>:7Yf>#V38;B´2w?9xc4v09>|:©^k:A?8 ¹8j[a^
4PH
/1098;2:fB >#?9x;:A?ye&:b>#e38;:b^258P4P¦09>n"8P698&:¦Ł6;X&:©C:iX;V!2\[jXBwB Cc12 ^=0^=098Y>!V#ABwA94{>Fd^=098[90;X&:iX;[a^
8;:`2 4_^25[:<>¶>F^
4{>Fd
^=098c e3>!B C?9>#YZ2\XB Hﬀ!9>:8v¥FXY{eB 82w?[jX948W>Fd1X? m
¡
2?L^=098dl>|:`Y
(1 − α L)yt = ²t ¦ |α| < 1 ¦ ²t
  NXA94_4v25X|?
¡
f032 ^
8W?9>!2 48&¦
yt
2 4[a>F6;X&:u2\X?;[P8{4_^_XR^25>#?;X;:bCP¦ª032B 8zdl>:
α = 1
¦-2 ^t254Z?9>#?94_^_XR^25>!?;X&:bC*^=09>!A9x#0?9>F^
8v¥¶eB >34=2 698F¦-X?;VLdl>: |α| > 1 2 ^{2 4t8v¥¶eB >34=2 6983HZ/1098L?ABwB X94_CY{eR^
>F^25[]V!254
^=:`2~AR^2 >#?dl>|: 0 : α = 1 X;xX32?94
^

A : α 6= 1 2541?9>#?94
^_X|?;VX;:iVX|?;V2 ^=YX?Z8 [R258&?;[vC2 4B X&[9µ;2w?9x¦ﬀ:b8!8n[v^2?9x]^=03254?9>#?94aYf>¶>F^=0]~38;0;X9632 >|:±HŁ7?
XB ^
8&:`?;X9^2 698k^
>Yf>!V38&B B >#?9x:`A?W~F8&0;XR6325>:X&:<8]Yf>#V38;B 4dl>:-d$:iX;[a^2 >#?;X|B2w?R^
8jx#:<X9^2 >#?¶H
²8Z4
^_X&:b^2 ^=0]Xh4
^_XR^25>#?;X&:©Cce;:<>![P8P44
yt
f0325[;0254d$:iX;[a^2 >#?;XBwB C]2w?R^
8jx#:<X9^
8jV¦ !I  
d ¡
¦ −1/2 < d < 1/2 H
(1− L)d(yt − µ) = ²t
/1098kV!2 ﬀ8&:b8&?;[P8k>!e38&:<X9^
>:"YXPC~38tV38Pgª?98nV Yf>|:b8tx38;?98&:iXBwB CZdl>|:
d ∈ R ¡ 6325XZ^=098*0RCeF8&:<xF8j>#Yf8P^=:u2\[d$A?;[a^2 >#?

Page 4 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
F (−d, 1, 1; L)
(1− L)d = Πd(L) =
∞∑
j=0
pid,j L
j =
∞∑
j=0
Γ(d + 1)
Γ(d− j + 1) Γ(j + 1) (−1)
j Lj
/1098²>#B5V:<8;e&:b8j4_8&?R^_XR^25>#?>&d
yt
0;X;4^=098kdl>:Y
yt = µ + Ψ(L) ²t
12 ^=0
Ψ(L) = Π(−d)(L)
H
!9>|: −1/2 < d < 0 ^=098hXAR^
>#[a>::<8;B5XR^25>#?zd$A?;[a^2 >#?W2 4t?98jxXR^2 698&¦ ρ(τ) < 0 ¦ τ 6= 0 ¦#12 ^=0 ∑∞
−∞
ρ(τ) = 0
H
¼¹>|:`:<8P4aeF>#?;V!2?9x#B Cj¦^=098{4ve38n[v^=:AY >Fd
yt
XR^7d$:b8n#A98&?;[vC]}a8&:<>254t?AB´B Hﬃ!;>:
0 < d < 1/2
^=098hXAR^
>![P>::b8&B5XR^25>!?
d$A?;[a^2 >#?254Ze3>34=2 ^2 698F¦
ρ(τ) < 0
¦
τ 6= 0 ¦ª12 ^=0 ∑∞
−∞
ρ(τ) = ∞ ¦-2?;V#A;[P8jV~PCL2 ^
44vB >n+0RCeF8&:`~3>#B2\[hV38j[jXPC
 B >#?9xY8;Y>:©C
¡
H¼¹>|:`:<8P4aeF>#?;V!2?9x#B Cj¦^=098Z4ve38j[a^=:AY >&d
yt
X9^d$:<8j#A98&?;[vC*}a8&:<>2542?Rgª?32 ^
83H$!9>:
d = 0
"8zX;:<8
2?{^=098z[;B5X94_4>Fd"[a>#?R698&?R^2 >#?;XB|Ł*  4
^_X9^2 >#?;X&:©C*X?;V2w?R698&:b^2w~B 8
¡
H
/1098h2?R^
8jx!:iXR^
8nVe;:<>![P8P441>Fd
yt
¦
Yt
¦¹2 41V38Pgª?98nV~PC
Yt − Yt−1 = yt ¦I>:
Yt = Y0 +
t∑
τ=1
yτ
12 ^=02?32 ^25X|B6;XBwA98P4
Yt = 0
¦
t ≤ 0 ¦x¶2 698&?¶Hª8&eB X&[R2?9x yt ~PC2 ^
47²>#B5V:<8;e&:b8j4_8&?R^_XR^25>#?*"8{>!~R^_X2w?
Yt = Y0 + µ t + Π˜(−1−d),t(L) ²t
098&:b8h^=098*8&B 8&Yf8&?R^
4
p˜i(−1−d),t,j
>Fd
Π˜(−1−d),t(L)
[a>#?R698&:bx38h^
>c^=098z8&B 8;Y8;?R^
4
pi(−1−d),j
>Fd
Π(−1−d)(L)
X94
t → ∞ Hcr#>2?[PX;4_8>Fd −1/2 < d < 0 ¦ﬃ2 H8FH 1/2 < (1 + d) < 1 ¦-^=098e;:<>![P8P44 Yt YXPC~38[jXBwB 8nV
V#:`2 di^±:b8P698&:©^2?9x¦#0325[;0*4_8j8;Y4^
>~38*Yf>:<8{X|ee;:<>!e&:u2\XR^
8Z^=0;X?hY8jX|?n:<8a698&:b^2w?9x&vH
!9>|:
µ = 0
^=0986;X&:`25X|?;[a8W>&d7^=0984XYzeB 8Yf8nX?>Fd:<8nXB´2 }jXR^25>!?94{>&dXLd$:iX;[a^2 >#?;X|B´B C2?R^
8jx!:iXR^
8nVe;:<>![P8P44{>Fd
B 8;?9xF^=0
n
V38;e38&?;V34>!?
n
X?;V
d
H
V ar(yn) = O(n
2d−1)
dl>:
d > −1/2 H yn =
∑n
t=1 yt/n
H 7A98^
>^=098B5X&:bx38e&:b>#e3>:©^25>#?y>FdzB >#?9xq[aC;[9B 8j4L2w?^=0984_8&:`2 8j4]zX;4
e38;:i[a8&eR^2~B 82?^=098Wd$:<8n#A98;?;[aC:b8&e;:<8j4_8&?R^_XR^25>!?y>Fd1!I*+e&:b>#[a8j4_48P4c~38;B >n *B >#?9x:<X|?9x38cV38&eF8&?;V38&?;[a8
8&?Rdl>:<[P8j4X4vB >n"8&:ﬃ[a>#?R698&:bx38&?;[a8*>Fd^=098h4XYzeB 8cY8jX|?]^=0;X?L2?h^=098*4a09>:©^{Yf8&Yf>:bC[PX;4_83H/0982?;[;:b8nX94v2w?9x
Yf8&Yf>|:©Cy2?W^=09848;:`258P4z4vB >n4{V3>nf?2 ^
4Z[P>!?R698&:<xF8&?;[P82?W^
8&:Yf4Z>Fdf2 ^
4t6;X&:`25X|?;[a8A?R^2B?9>y[a>#?R698&:bx38&?;[a8cXR^
d = 1/2
H)!|A:©^=098&:±¦dl>:^=098?9>#?94
^_X9^2 >#?;X&:©Cy:<8Px!25>!?
1/2 < d < 1
^=0986;X&:u2\X?;[P8>Fd^=0984XYzeB 8Yf8nX?2 4
4vYtXBwB 8&:ª^=0;X|?f^=0;X9^Ł>FdX?]  m
¡
Yf>!V38&B¦I2?;[9:<8jX;4=2?9xzX;4
d
X|ee;:<>X;[;098P41m3¦3f032wB 8^=098ZA?;[P>#?;V!2 ^25>#?;XB|Y8jX|?ZV3>¶8j4
 
Page 5 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
?9>F^78v¥|254
^aH
7?9>F^=098;:I2?R^
8&:`e&:b8P^_XR^25>#?>Fd!^=098d$:<X&[v^25>#?;XBn2?R^
8Px#:iXR^25>#?e;X&:<X|Yf8P^
8;:
d
254dl>!A?;VZ~aC2w?94aeF8n[v^25>#?7>Fd!^=0981 _e948;A;V3>
¡
4ve38n[v^=:iXB!V38&?94=2 ^uC
f(λ)
4_8j8]~38;B >n r#8j[FH DH\§*[;B >F48k^
>d$:<8n#A98;?;[aCh}P8;:<>IH15^f09>#B V34
f(λ) = O(λ−2 d)
/1098
d
±6;XBwA98*Yf8nX94aA:b8j4^=098Z4aB >#e38k>FdN^=098 e94_8&A;V3>
¡
4ve38n[v^=:iXB![;B >F48k^
>^=098{>:u25x!2w?¶H
 
¸
MPO`ÁS!O 
¯
¾
¯
¾
¯
¾NMaORS#O 
¯
¾SQ
­ 
Q9SITFO 
¯
¾S
¿
`¾ªO
¬
ÀªQ9S#O
¯
¾
/1098]8j4
^2YX9^2 >#?c>&d4
^_XR^25>#?;X&:©CWd$:<X&[v^25>#?;XBwB C2?R^
8jx!:iXR^
8nVqYf>!V38&B 4z0;X9698c~F8j8;?V!254[;A94_4_8nV8=¥;^
8&?94=2 698;B C2?^=098
B´2 ^
8&:<X9^=A:b83H ŁXA948;:± m		
¡
¦#X?;V ŁXA948;:± m		
¡
:<8P4aeF8n[a^2 698&B Cj¦4vAY{YtX&:u25}a8t4_8&YZ2e;X&:<X|Yf8P^=:u2\[&¦ X?;VcYXn¥|2wYzAY
B´2wµ=8&B209>¶>#VXee&:b>X&[9098j41X?;VcV!2 4[9A944^=098;2w:4aYX|B´B¶4XYzeB 8]e&:b>#e38;:b^258P4jH
/1098&:<8X&:b8*^=0:<8P8cV!2 ¹8;:<8&?R^tX|ee;:<>3X&[9098j4t^
>[P>#eF8h12 ^=0L4
^_XR^25>#?;X&:u2 ^uCX?;V?9>!?94_^_XR^25>#?;X;:`2 ^uCf098;?yYf>#V38;B´2w?9x
B >!?9xYf8&Yf>:bC '
 _2
¡
^2Yf8{V3>#YtX32?*X|ee;:<>j¥|2wYtXR^
8*YtXj¥|2Y{AY.B2µ=8;B´209>¶>!V¦
 _2´2
¡
d$:<X&[v^25>#?;XB¶V!2 ﬀ8&:b8&?R^2\XR^25>!?]X?;V^
8j4
^2?9x^=098{X|ee;:<>!e&:u2\XR^
80RCeF>F^=098j4=254a¦
 _2´2w2
¡
d$:<8n#A98;?;[aC*V3>#YtX32?z8j4
^2YXR^25>#?h12 ^=0*4ve38n[R2\XB|^_X|eF8&:<4^
>8;B´2YZ2?;XR^
8k^=:<8;?;V34jH
 _2
¡
8&:<X|?| m	FG
¡
V38P698;B >#eF8nV{X|?fXee&:b>j¥|2YX9^
87^2wY81V3>!YtX32?ZYXn¥|2wYzAY B´2µ8&B´2w09>!>!Vk8j4
^2YX9^
>: dl>:I !I©*N
 
p, d, 0 ¡
Yf>#V38;B 4{12 ^=0
d > −1/2 Hy/103254zXBwB >n4z^=098c4v2wYzAB ^_X|?98P>#A94*8j4
^2YXR^25>#?>Fd^=098L [P>¶8 [R258;?R^
4
 4
^_XR^25>#?;X&:u2 ^uC>Fd^=098*³eF>#B C?9>!Y{25X|B#X;4_4vAY8jV
¡
X|?;Vc^=098hd$:<X&[v^25>#?;XBﬀ2w?R^
8jx#:<X9^2 >#?e;X&:iXYf8P^
8&:dl>:
d > 1/2
12 ^=09>#AR^e;:<8a6325>#A94vB C^_Xµ92?9xkV!2 ¹8;:<8&?;[a8j4N>Fd2?R^
8Px38&:#>|:<V38&:±H 8&:<X|?|¦Ł0;X|?94X|B2RX?;V 1[;µ=8;:± m+		

¡
d$A:b^=098&:#4a09>n
^=0;XR^N^=098tYf>#V38;B948;B 8j[a^25>!?k[;:u2 ^
8;:`2\Xt ¼ `7µvX32µ=8´42w?Rdl>|:`YtXR^25>!?[9:`2 ^
8&:`2 >#?
¡
¦¶r¼ r[;0nX&:b^
}2w?Rdl>|:`YtXR^25>!?t[9:`2 
^
8&:u25>#?
¡
X|Yf>#?9xy>&^=098&:<4a¦0;XR698W^=098L4X|Yf8ye;:<>#eF8&:©^258j4hX;4A?;V38&:[P>#?R698;?R^25>#?;XBN*+Yf>#V38;B 4PH N>n8a698&:¦
*>#?R^
8¼X&:`B >L4=2Y{AB5XR^25>!?94Z2w?8&:iX?|¦ Ł0;X|?94X|B2 X?;V1[;µ=8;:± m+		

¡
¦ﬀ^_X~B 8*D!¦2?;V!25[jXR^
8z^=0;XR^^=098h8P4_^2wYtXR^
8nV
d
6;XBwA98j4a¦If098;?^=098WYf8nX?>Fd^=098*VXR^_X2 4{A?µ;?9>n?cX?;V0;X94^
>~38h8P4_^2wYtXR^
8nV¦NY{2 x#0R^18v¥¶032w~32 ^X48;:`25>!A94
?98jx3X9^2 698*~32\X942?z4aYX|B´B¶4XYzeB 8j4PH
 _2´2
¡
2B $7B X|?;XX?;Vª>#~32?94_>#?| m		
¡
¦-83H\xIH¦0;X9698eF8&:bdl>:`Y8jVX48j#A98&?;[P8W>Fd7^
8P4_^
4zV38P698;B >#eF8nV~aCª>#~32?n
4_>#?| mF§
¡
XB >#?9xXcx!:`2\V>Fd
d
6;XBwA98P4^
>y[9B5X944=2 diC03254
^
>:`25[YX&[9:<>8n[a>#?9>#YZ2\[]4_8&:`2 8j4Z>Fd^=098prqX;[j[P>:<V!2?9x

Page 6 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
^
>c^=09892:7?9>!?94_^_XR^25>#?;X;:`2 ^uC~38;0;X9632 >:$H1/09892:Łgª:<4
^14
^
8&e2541^
>[;09>¶>34_8*X0RCe3>F^=098P4v2 4 
0
'
d = d0
¦ª^=098;?^=098aC
d$:iX;[a^2 >#?;XBwB CfV!2 ¹8;:<8&?;[a8^=09814_8&:u258j4a¦I2 H\83H
(1−L)d0 yt ¦¶X|?;V]e38;:bdl>:Y X*»!z±^uCe387^
8P4_^7~;X;4_8nVZ>#?heF8&:u25>!V3>3x#:iXY
:<8Px#:<8P44=25>!?94jH ?^=098B5XR^$^
8&:X|B 4> 
p ¡
[a>#YzeF>#?98&?R^
4k>&dXcg¥&8nV>:iV38&:7X&:b8WXBwB >n8nVIH/1098*^
8j4
^k4_^_XR^254
^2\[a4
^=A:?W>#AR^^
>~38X94_CY{eR^
>F^2\[PX|B´B C4
^_X|?;VX&:<V?9>:`YtXBªV!254
^=:`2w~AR^
8nVqA?;V38;::<8Px#AB5X&:u2 ^uCL[a>#?;V!2 ^2 >#?94PHL ?>:iV38;:ﬃ^
>
[;09>¶>34_8^=098k>:iV38;:->Fd^=098k[a>#YzeF>#?98&?R^4_8P698;:iXB6;X|B´A98j4dl>:
p
dl>:8nX;[;0h[jX?;V!2\VXR^
8t>Fd
d0
X&:b8k[P>#?94=2\V38;:<8jVIH
p
2541[909>34_8&?*^
>YZ2?32YZ25}a8k^=098hX~94_>#BwAR^
8t6;XBwA98Z>Fd^=098k^
8j4
^4
^_X9^2 4_^25[P4PH
 _2´2w2
¡
V3>#eR^2?9xLe94_8&A;V3>]4ve38j[a^=:<X|B¶V38;?94v2 ^258j4a¦ﬀ2 H8FH!4ve38n[v^=:iXB|V38&?94=2 ^2 8j4dl>:Ł?9>!?94_^_XR^25>#?;X;:bC]e;:<>![P8j4_4_8j4a¦-A94=2?9xz^=098
²³032 ^$^=B 8c>#~ ﬂ$8n[a^2 698cd$A?;[a^2 >#?X|?;VXBwB >R12w?9x e;X&:<X|Yf8P^=:u25}PX9^2 >#?^=098X|ee;:<>3X&[90q~aC8&B5X94[P>qX|?;Vsª>#~32?n
4_>#?| ±D3EFE3E
¡
XR69>!2\V34 8&:iX? 4ce&:b>#~B 8;Yh¦X?;V 2 4cB´2wµ=8&B Cy^
> ~38Yf>:<8e3>n8;:bd$AB^=0;X?^=0984_8n#A98;?R^2\XB^
8P4_^2w?9x
e;:<>![P8nV#A:b8*>Fdª>#~32?94_>#?| m+	F§
¡
HZ `/098B5XR^$^
8&:ﬃXB 4_>09>!B5V34fdl>:N^=098h4_8&YZ2e;X&:<X|Yf8P^=:u2\[(8a"8&µ=8v #>:©^
8&:© A;VXµ
Xee&:b>X&[90kX94e&:b>#e3>F48jVW~PC A:©632\[;0kX|?;VW¹XPC| m	FG
¡
H
¡
\^12BwB|~F8XeeB´2 8nV{^
>{>#A:ﬀVXR^_Xt48a^ﬃX|?;V]254ﬃV38P4[9:`2~F8nV
2?Yf>|:b8hV38a^_X2wBI~38;B >nH
 
iOnO
¿l¬
M
¬
°
¯	
ÁS
uÁ

Á
¿
u½
¬¶¿


¯¯
°
¬
MPO uÁS#O 
¯
¾
±¯
Qk¾
¯
¾NMPOnS#O 
¯
¾-SQ
­
O `Á
¬
MM
¬
Q 
¬
M
!9>|:>#A:NeA:`e3>34_8F¦|8hYf>!V!2 diCk4vB´2 x#0R^=B Ck^=098{e&:b8j4_8&?R^_XR^25>#?{>Fd8&B X;4[P>X?;VLª>#~32?94_>#?| ±DFE3E3E
¡
¦¶4v09>:b^ﬃ1¦#X?;V
:<8P4_^=:u2\[v^Z2 ^^
> −1/2 < d < 3/2 X?;VW^
> µ = 0  ?9>V#:u2 di^ ¡ dl>:?9>#?94
^_XR^25>#?;X&:©CLYf>#V38;B 4{  1/2 ≤ d < 3/2 ¡ H
/1098e94_8&A;V3>W4aeF8n[a^=:<X|BV38&?94=2 ^uC>FdX?XAR^
>:<8jx!:<8j4_4=2 698zd$:<X&[v^25>#?;XBwB CW2w?R^
8jx#:<X9^
8jVY>&632?9xLXR698&:<X;xF8F¦I !I©*¦
e;:<>![P8j4_4t254
f(λ|θ, σ2) = |1− e−i λ|−2d |βq(e
−i λ)|
|αp(e−i λ)|
σ2
2 pi
12 ^=0
λ ∈ (0, pi] X|?;V d > −1/2 H/1098zqX?;VW^=098L* e3>#B C?9>#Y{25X|B 4 αp(L) X?;V βq(L) >&d">:iV38;: p X?;V
q
X&:b8{X;4_4aAYf8nV^
>0;XR698*:<>¶>F^
4>#AR^
4=2\V38k^=098]A?32 ^[92w:i[;B 8F¦ X?;V^
>0;XR698*?9>:b>!>F^
42?][a>#Y{Y>#?¶H !9>:
d > 1/2
^=098Ze948;A;V3>h4ve38n[v^=:iXBV38;?94v2 ^`Ch2 42?R^
8&:`e&:b8P^
8jVX94^=098{B2YZ2 ^>&d¹^=0988v¥¶e38j[a^
8jV*4XYzeB 8{eF8&:u25>!V3>3x#:iXYz¦!X942?f^=098
4
^_X9^2 >#?;X&:bC]d$:<X|Yf8a">:µFH !9>: −1/2 < d < 1/2 ^=098We948;A;V3>4aeF8n[a^=:<X|BIV38&?94=2 ^uC:b8nV#A;[P8P4^
>c^=098][a>#Y{Y>#?B C
A94_8nVW4ve38j[a^=:<X|B#V38&?94=2 ^uCnH
/1098*e;X&:iXY8a^
8&:698n[v^
>|:
θ
[P>!BwB 8j[a^
4XBwBIe;X&:<X|Yf8P^
8;:<418v¥F[a8&eR^7^=098Z8;::<>:-6;X&:u2\X?;[P8F¦
σ2
H
 ?94_^
8jX&Vh>&d^=098>:`2 x!2?;XBFVX9^_X8{A948^=098^_Xe38;:<8jV*48;:`258P4jH/1098{eF8&:u25>!V3>3x#:iXY dl>:ﬀ^_Xe38;:<8nV]VXR^_Xz254x!2 698&?*~aC
I(λj) =
1
n
∑
t h
2
t
|
n∑
t=1
ht yt exp(−i t λj)|2

Page 7 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
XR^^=098zd$:<8j#A98&?;[R258j4
λj = 2 pi j/n
¦ﬀX|?;Vc^_Xe38;: {ht}nt=1
H1/1098WeA:eF>34_8h>Fd"^_Xe38;:`2w?9x2541^=098h8;B´2YZ2?;XR^25>!?>Fd
^=:<8;?;V34]X?;VV3>R?L"8;25x!0R^2?9x>Fdk?9>#?94
^_XR^25>#?;X&:u2 ^uCnH !9>:8v¥FXY{eB 8W^=098 N0A:~38;?µ=>^_Xe38&:7>Fd1>:iV38;:1D `1
e¶H mRD3¢#m
¡
0;X;48;2 x#0R^
4a¦
ht/
∑
h2t
¦3dl>:YZ2?9xZX^=:u2\X?9x#B 8FH75^N[jX?[a>#e382 ^=0z?9>!?94_^_XR^25>#?;X;:`2 ^uC>Fd ^`CeF8
d < 3/2
¦
>Fd^uCe38
d < 2
2 d
µ
254µ&?9>n?Z^
>L~38h?AB´B¦#>:>&dXB´2w?98nX&:¹^=:<8&?;VIH"/1098t8=¥¶e38&?94_8z2 4XB >34_47>Fd>:iV!2w?;X9^
8P4jH#t?B C
8P698;:bC{4_8n[P>!?;V>:iV!2w?;X9^
8>#AB V~F8z2?;[9BwA;V38nVc2w?{^=098ZV!2 4[9:<8a^
8Zd$:b8n#A98;?;[aCzV3>#YX2w?z>!~ ﬂ
8j[a^2 698d$A?;[a^2 >#?~38&B >n¦
4=2?;[P8^=03254k^_Xe38&:V38j4
^=:<>RC94Z^=098W>:b^=09>Fx3>#?;XB´2 ^uCL>&d^=098W4=2?98cX|?;Vy[P>34=2?98^=:iX?94_dl>:Yf4{X9^k[;B >F48d$:<8n#A98;?;[92 8j4PH
/1098td$ABwB![P>34=2?98]~F8&BwB|^_Xe38;:-4a09>n12?9xe&:b>#e38;:b^2 8j41>FdN>|:<V38&:m{X|?;V¢#¦¹25474aA32 ^_X|~B 8{dl>: −1/2 < d < 1/2 12 ^=0
µ ∈ R ¦X?;V d < 3/2 2 d µ = 0 YtXµ;2w?9x*>#?B Ck^=0988v¥F[9BwA94=25>#?{>Fd^=098gﬀ:b4_^1eF8&:`2 >#V3>Fx#:iXYﬂ>:<V!2?;XR^
8z?98n[a8j4_4X;:bCjH
/1098z8;BwBµ;?9>R?W/ŁAµ=8aCn ŁX??32?9xW^_X|eF8&:±¦¹83H\xIH¦Ł2 4>Fd>:iV38;:1mX|?;VL4_>X|eR^1dl>: −1/2 < d < 1/2 12 ^=0cXBwB
>:iV!2w?;X9^
8P42?;[;B´A;V38nVIH
[a^=A;XBwB Cj¦R^l>1^_X|eF8&:<4ª2wBwBR~F88&Y{eB >RCj8jV '/098/NAµ=8PCn ŁX??32?9x^_Xe38&:dl>:4
^_XR^25>#?;X&:©CfYf>!V38&B 4ª2 ^
4[a>#Y{e38P^2w?9x
e38;:bdl>:YX?;[P8k2542B´BwA94
^=:iXR^
8nV2w? ŁXA94_8&:± m		
¡
ŁX?;V{^=0981d$ABwB&[P>F4v2w?98{~F8&BwB;^_Xe38&:¦ !¼H/0981/ŁAµ=8aCn NX|??32w?9x
^_Xe38&:2 4x!2 698;?c~aC
ht =


1
2 [1− cos{pi(t− 12)/l}] t = 1, . . . , l
1 t = l + 1, . . . , n− l
1
2 [1− cos{pi(n− t + 12)/l}] t = n− l + 1, . . . , n
.
12 ^=0
2 l = 4
√
n
^=098]?AY{~38&:>FdŁVXR^_XWe3>!2w?R^
41X|B ^
8&:b8nVIH/098td$AB´B![P>34=2?98]~38;BwB^_Xe38;:ﬃ2 4x!2 698;?W~aC
ht =
1
2
(1− cos 2 pi t
n
)
!9>|:h8j4
^2YX9^2 >#?^=098V!254[;:b8P^
8d$:b8n#A98&?;[vCn
V3>#YX32?²³032 ^$^=B 8qd$A?;[v^25>#?dl>|:{^=098^_X|eF8&:<8jVVX9^_X³2 4A948jVX;4
>#~ ﬂ$8n[v^2 698kd$A?;[a^2 >#?¶H
L(θ, σ2) = −
m∑
j=k
log f(λj |θ, σ2)− 1
2pi
m∑
j=k
I(λj)
f(λj|θ, σ2)
098&:b8
m
2 4^=098B X&:<x38P4_^t2w?R^
8jx38;:2w?
(n− 1)/2 H/1098{X&[v^=A;X|B¶8j4
^2YXR^25>#?L2 4te38&:©dl>:Yf8nVyA94=2?9x^=098:b8nV#A;[P8jV
d$A?;[a^2 >#?L12 ^=0:b8j4ve38n[v^Z^
>
σ2
H !9>|:7^=098c/ŁAµ=8aCn NX|??32w?9x^_Xe38&:X|B´B¹>:<V!2?;XR^
8j4*X;:<82w?;[;B´A;V38nV¦72 H\83H
k = 1
¦
032B 8hdl>:Ł^=098!3¼ ^=098hgª:<4
^k254f8v¥F[;B´A;V38nV¦ﬀ4>
k = 2
H 2 698&?]^=098h^=:`A98cY>!V38&Bw¦
θ = θ0
¦ª^=098ce;:<>#eF8&:b^2 8j4f>Fd
^=098t² 032 ^$^=B 8Z8j4
^2YXR^
8j4k~;X;4_8nV>#?{^=098(!3¼^_X|eF8&:b8nVcVXR^_X*X&:b8{X;4
CYzeR^
>&^2\[jXBwB CW?9>:`YtXB
√
n(θˆ − θ0) d→ N(0 , 4 pi ΦFCB Σ−10 )
12 ^=0
ΦFCB = 35/18
X?;V
Σ0
^=098{X|?;XB >3x!A98^
>^=098*2w?Rdl>|:`YtXR^25>!?WYX9^=:u2 ¥X9^
θ0
¦ [9e¶H#1ŁH

Page 8 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
  

f -,t	$#	 ﬀ ﬃW f%
  
S#ORSM
¬
T 

T3S#O 
¯
¾NM
/1098kVX9^_X~;X948k[a>#?R^_X32?94CP8nX;:B CzVXR^_X{>!?e;:<>&g!^
47dl>:mjGoh4vA:b632 632w?9xp-rYtX?ARduX&[v^=A:`2w?9x[P>#Y{e;X|?32 8j4dl>|:¹^=098
e38;:`2 >#VmFGE;m		#H/1098f4XYzeB 8[a>|:`:<8P4aeF>#?;V34^
>Z^=09>34_8fgª:Yf4X|Yf>#?9xZ^=098{B X&:<x38P4_^ﬃG3E3EWp-rYtX?ARduX&[v^=A:`2w?9x
[P>!Yze;X?3258P4* _2w?]^
8&:Yf4k>Fdﬃ4X|B 8j4
¡
X;4f>Fd1mFG3EWdl>:Ł032\[;0cXc[a>#Y{eB 8P^
8*^2wY8h48;:`258P4k>#?e;:<>Fg¶^
4t4ve;X|??32w?9xL^=098
e38;:`2 >#VqmFGE;m		8=¥|254
^
4jHL/1098YX32?VXR^_X4>!A:i[P8ﬃX94*¼>#Y{eA94
^_X9^aH*>¶>#VFC 4 ?;V#A94_^=:u2\XBŁ]X?A;XB X;4
A94_8nVkdl>|:¹Y{2 44=2?9x]e3>¶2?R^
4"X?;V ﬃB >#~;XBnNX?R^_X;x38dl>|:I^=098fY>34
^:<8n[a8&?R^NCj8jX&:<4PHŁ/1098f¼>!YzeA94
^_X9^6;X&:u2\X~B 8?;XY8
[P>:`:<8j4ve3>!?;V!2?9xc^
>c^=098e&:b>j¥;C*dl>:2w?;[P>#Yf82 4 ?;[a>#Y8~38adl>:<8h8=¥;^=:iX9>:iV!2?;X;:bCc2 ^
8&Yf4
hX?;V2 ^k:b8&e;:<8j4_8&?R^
4f^=098
2?;[a>#Yf8f>FdXk[P>#Y{e;X|?RCtX9di^
8;:XBwB&8v¥¶eF8&?94_8j4a¦ 2w?;[;B´A;V!2?9xh4ve38j[925X|B|2 ^
8;Y4a¦ª2w?;[P>#Yf8^_Xj¥&8j4X?;VWYZ2?9>:`2 ^`Ch2w?R^
8&:b8j4
^
4
~AR^]~38adl>:<8e&:b>F63254=25>#?94Zdl>:[a>#YzYf>#?X?;V &>:e&:b8Pdl8&:`:<8jVqV!2 632\V38;?;V34jH/>F^_XBﬀX;4_48a^
42w?;[;BwA;V38c[;A:`:<8&?R^{X94_48a^
4
eBwA94z?98P^Ze&:b>#e38;:b^uCj¦"eB X|?R^fX?;V8n#A32eYf8&?R^{eBwA94f>F^=098&:?9>!?;[;A::b8&?R^X;4_4_8P^
4PH!9>|:Yf>:<8c2w?Rdl>|:`YtXR^25>!?>Fdﬃ^=098
[P>!?94_^=:`A;[a^25>!?]>#?{^=098zVXR^_X~;X;4_8Z48P8 4[;0nX|?;VF^=?98;:± D3E3EFG
¡
H
:<>Fg¶^k254tV38agﬀ?98jVX94z?98a^{2w?;[P>#Yf8]V!2 632\V38nV~aC^
>F^_X|BX;4_4_8P^
4ZX?;Vc^=0:<>#A9x#09>!AR^^=098]4
^=A;VFC^=098ce;:<>Fg¶^z:<X9^
8h>Fd
[P>!Yze;X?RC
i
XR^^2wY8
t
¦
piit
¦|254NV38Pgª?98nVkX94^=098:<8&B X9^2 698V38a632\XR^25>#?d$:b>#Y³X|?8n[P>!?9>#YfCn`12\V38fYf8nX94vA:<8 1) X9^¹^2Yf8
t
¦
Π∗t
H"rªAee3>34_8
Πit
V38&?9>F^
8P47^=098ze;:<>&g!^>Fd[a>#Yze;X?RC
i
XR^e38;:`2 >#V
t
¦#X|?;V
Π∗t
^=0988j[P>#?9>!YfCn`25V38hYf8nX94aA:b8
2?eF8&:`2 >#V
t
¦¶^=098&?
piit
2547V38Pgª?98nVX;4
(Πit −Π∗t )/Π∗t
H"/1098h?9>:YX|B25}PX9^2 >#?~PCZ^=098t8j[P>#?9>#YCk12\V38*Yf8nX94aA:b8
0;X94^u">cX;VF6;X|?R^_X9x38P4jH ! 2w:<4
^f2 ^f:<8;Y>F698P4^=098*2Y{e;X&[v^>Fd^=098]~A94v2w?98j4_4f[vC;[;B 8j4>:>F^=098&:4v09>#[9µj41[a>#YzYf>#?z^
>
XBwBI[a>#Y{e;X|?32 8j4a¦X?;VL48j[P>#?;Vy2 ^t2wYze;:<>&698j4ZAe3>#?]^=098?9>|:`YtXB´2 }jXR^25>!?~PC]^=098*4XYzeB 8WYf8nX?A94aA;XBwB CA948jV2w?
^=098B´2 ^
8;:iXR^=A:<8FHW/1098e;:<>&g!^
4Z>Fd^=0984XYzeB 8W4
^=A;V!258jVY{2 x#0R^h?9>&^h~38WX~?9>|:`YtXB12 ^=0:b8j4ve38j[a^k^
>^=098>n?
4X|Y{eB 8{XR698&:iX9x38*~AR^fY{2 x#0R^f~F8t8&B´B!X|~F>F698] >:ﬃ~38;B >n
¡
^=098Z8j[P>#?9>#YCY8jX;4vA:<8FH
   
¯
°
¬!¿
M
¬!¿l¬
TFO 
¯
¾sSI¾° O
¬
MPO u¾À
2 698;?]mnGoZCj8jX&:B C*e;:<>Fg¶^:iXR^
84_8&:u258P47>FdN:<8&B X9^2 698&B Ck4a09>:©^B 8&?9x&^=094ﬃ12 ^=0Z>!?B CtG3Ez>#~94_8&:©6;X9^2 >#?94P¦8X&:<8^=:bC32w?9x
^
>>#~R^_X32?X94W:<8;B´25X|~B 88j4
^2YX9^
8P4X|?;V^
8j4
^
4hdl>:^=098cd$:<X&[v^25>#?;XBŁ2?R^
8Px#:iXR^25>!?qe;X;:iXY8a^
8&:fX;4e3>34_4=2~B 8FHr!>
8X94_4aAYf8*^=0;X9^k2w?[jX948]>Fd?9>!?94_^_XR^25>#?;X;:`2 ^uC^=098]V!2 ﬀ8&:b8&?;[P8jV4_8&:u258P4*0;X;4XYf8nX?>Fd1?ABwB8=¥F[;B´A;V!2?9xB >!?9x
:A?*V#:`2 di^
4k2w?ce;:<>Fg¶^:<X9^
8P4P¦032\[90c254teB X|A94=2~B 8{X|?;VWV3>!8P4t?9>F^YX|µ8{^=098*2Y{eB 8;Y8;?R^_X9^2 >#?]>FdY>:b8Z69>!B5XR^2B 8
8j4
^2YXR^
>|:b41>Fd032 x#098&:>:iV38;:ﬃ?98n[P8P44X&:©CnH
»&>n>|:<V38&:  !I©*7 
p, d, q ¡
Y>!V38&B 4N12 ^=0
p, q
Aef^
>ZDkX&:b88j4
^2YX9^
8jV~aCzYf8nX?94">Fd ^=0987²³032 ^$^=B 8>#~ ﬂ$8n[v^2 698

Page 9 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
d$A?;[a^2 >#?yA94=2?9x !3¼  ^_X|eF8&:<8jVyVXR^_X!H*/1098r[90nﬃX&:©^
}c[9:`2 ^
8;:`2 >#?2 4*A948jV^
>[;09>¶>348]^=098Yf>34_^tX|ee;:<>!e&:u2\XR^
8
Yf>#V38;BX|Yf>#?9x^=098&Y dl>:18nX;[;0y48;:`258P4jHs/1098:<8j4vAB ^
4]dl>:1^=098[P>::b8n[a^
8jV¼"¦ ¼¼"¦ﬃX;:<8X|B 4>qx!2 698&?dl>|:
[P>!Yze;X&:u254_>#?¶H
SIC(p, q) = −2 logL(θ, σ2) + log(n) (p + q + 2)
AICC(p, q) = −2 logL(θ, σ2) + 2 (p + q + 2) n
n− p− q − 3
12 ^=0
θ = θ(p, d, q)
X?;V
σ2 = σ2(p, d, q)
HZ/1098
d
8j4
^2YX9^
8P4t^=0A94t>#~R^_X32?98jVX;:<8h^=098;?2wYze;:<>F698jVIH! 2w:<4
^
^=0984_8&:`2 8j4]X;:<8Ld$:iX;[a^2 >#?;XBwB CV!2 ¹8;:<8;?;[P8nV12 ^=0^=098L8j4
^2YXR^
8nV
d
6;X|B´A98j4k*A94=2?9x^=098ye;X&:©^2\XB-XAR^
>#[a>|:`:<8;B5Xn
^25>!?cd$A?;[a^2 >#?cX?;V^=098W[;09>34_8&?Yf>!V38&B 4{X&:b8:<8j8P4_^2wYtXR^
8nVA94=2?9x^=098W/NAµ=8PCn ŁX??32?9x^_X|eF8&:$H/098]gª?;X|B
d
$8P4_^2wYtXR^
8*254^=098;?h^=098Z4aAY >&d~F>F^=0
d
8j4
^2YX9^
8P4jH1  4v2wY{2wB5X&:ND;±4_^
8;eWe;:<>![P8jV#A:<8]254te;:<>#eF>34_8nV2w?zŁH
¡
 ?k>:iV38&:¹^
>h^
8j4
^ﬃdl>|:ª^=098kXB ^
8;:?;XR^2 698>&dŁ2?R^
8Px38&:Ł2w?R^
8jx#:<X9^
8jVcY>!V38&B 4P¦ 2 H\83H
d = 0
>:
d = 1
¦8heF8&:©dl>|:`Y ^l>
B´2wµ=8&B209>¶>#V*:<X9^2 >^
8j4
^
4P¦|>#?982 ^=0
H0
'
d = 0
¦X|?;Vt^=098>&^=098&:12 ^=0
H0
'
d = 1
H7 ?^=098gﬀ:b4_^N[jX94_878t:<8P4_^=:u2\[v^
d
2w?*^=098*[909>348;?Y>!V38&B¶^
>~F8h}a8&:b>¦¹X?;VL[a>#Yze;X;:<8W~F>F^=0*^=098:<8j4
^=:`25[a^
8jVX?;VW^=098A?:<8j4
^=:`25[a^
8jV8P4_^2wYtXR^
8nV
Yf>#V38;BA94v2w?9x^=098h² 032 ^$^=B 8*d$A?;[a^2 >#?^
>3x38a^=098&:"12 ^=0^=098]/ŁAµ=8aCn ŁX??32?9xL^_Xe38;:$H ?^=098]4_8n[a>#?;Vy[PX;4_8F¦¹"8
2?R^
8Px38&:V!2 ﬀ8&:b8&?;[P8W^=098c4_8&:`2 8j4z>#?;[P8&¦X|?;Vqe&:b>#[a8j8nVX94*2 d
d = 0
H >&^=0»#I±^
8j4
^
4zX&:<8cX;4
CYzeR^
>&^2\[jXBwB C
χ2
V!254
^=:`2w~AR^
8nV12 ^=0>!?98cV38Px#:<8P8L>Fd7d$:b8j8jV3>#Y*H 7A98^
>^=098c4v09>:b^]B 8&?9xF^=0>&d>#A:48;:`258P4{"8A94_8W^=098;2w:4vYtXBwB
4X|Y{eB 8V!2 4_^=:u2~AR^25>!?94]X;4hx!2 698;?2w?^_X|~B 8mH/098;:<8&~aCq?9>|:`YtXB8;::<>:b4]X&:<8X94_4aAYf8nVqX|?;V^=098y?AY{~38;:1>Fd
:<8;eB´25[jXR^25>#?942 4kmRE3E3EH !9>:2BwB´A94_^=:<X9^2 >#?h^=098{[9:`2 ^25[jXB|6;X|B´A98j47dl>:-^=098 !¼q^_Xe38;:ŁX;:<8{X|B 4>[PX|B [;AB5XR^
8nVIH
 
SK
¿l¬

U
(1 − α) tA;X|?R^2wB 8j4>Fd^=098]4vYtXBwB#4XY{eB 8]V!2 4_^=:u2~AR^25>!?c>Fd»! ^
8j4
^
4P¦ n = 50 H{¼¹>#Y{e;X&:`2 4>#?>Fd
^=098/ŁAµ=8aCn ŁX??32?9xX?;V^=098ﬁ!ABwB¼¹>34=2?A948&B´BI^_X|eF8&:±Hh/098]4vYX|B´Bﬀ4XYzeB 8
(1 − α) e;:<>#~;X~32B2 ^2 8j4tx!2 698&?
^=098]X94_CY{eR^
>F^25[*EH 3E#¦E#H FGcX|?;VEH 	;$#A;X|?R^2wB 8P4X;[j[a>|:<V!2?9xL^
>c^=098
χ21
 ±DH #m3¦¹¢H 
F§¦o#H´o3¢
¡
X&:b8ce;:`2?R^
8jV2w?
~;:iX;[;µ=8a^
4jH
/X|eF8&:
/ŁAµ=8PCn ŁX??32?9x !3¼  !¼
1− α H0 ' d = 0 H0 ' d = 0 H0 ' d = 1
EH 3E ¢HEF§E ±EH 
	3o
¡
¢H FE	
 ±EH 
#mRE
¡
§IH 
3¢	 EH 
3¢
¡
EH FG §IH\§¢3D ±EH 3¢3E
¡
GIH´¢FE	 ±EH 
	F§
¡
oH\GFG EH 
&G
¡
EH 	 H mREFG ±EH 	
FG
¡

H´oF¢	 ±EH 	F§
¡
mRDH\§oF§ EH FGm
¡
Â
Page 10 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
5^7^=A:?94>#AR^^=0;XR^7^=098z4v2wYzAB X9^
8jVLV!254
^=:`2w~AR^25>#?hdl>|:^=098W»# ^
8j4
^tA94=2?9xW^=098{/ŁAµ=8aCn NX|??32w?9x^_Xe38;:Ł8=¥¶032~32 ^
4
>#?B CWYZ2?9>:NV38P6325X9^2 >#?947d$:<>!Y ^=098hX94
CYzeR^
>F^25[
χ21
¦ [P>!?R^=:iX&:©Cz^
>^=098{[jX948Z>Fd^=098 !¼X?;V
H0 : d = 1
H
  
J
 Ł¿
`T3S!O 
¯
¾ O
¯
O

¬
°S#OnS
/1098X|eeB2\[jXR^25>!?W>&d^=098LYf>#V38;B 48;B 8j[a^25>!?[;:u2 ^
8&:u25>#?cr¼ X?;V^=098D;±4_^
8;ec8P4_^2wYtXR^25>#?e;:<>![P8nV#A:b8>#AR^=B´2w?98nV
2?{r!8n[a^2 >#?zD{C32 8&B5V34ﬃ^=098dl>#B´B >n12?9xhV!254
^=:`2~AR^2 >#?{>Fd^=0988P4_^2wYtXR^
8nV
d
6;X|B´A98j4dl>:¹^=098*mnG3oz4_8&:`2 8j47X;4V38&e325[a^
8nV
2?! 25x!A:<8mH"/X~B 8ZD]x!2 698P44>!Y8Z4=2Y{eB 8{V38j4[;:u2eR^2 698]2?;V!25[jXR^
>:<4PH

lÀ

Q
¬

U ﬃ254
^
>3x#:<X|Y >&dN^=098{V&$8P4_^2wYtXR^
8j4PH*>#V38;B 4[909>348;?L~aC*r¼Ł¦ D;$4
^
8&ez8j4
^2YX9^2 >#?¶H
   
 ¼»!p    Zp/  ﬀ
   
 
S#K
¿l¬

U "8P4[9:`2eR^2 698z4
^_XR^254
^2\[P41dl>:^=098Z8j4
^2YX9^
8jV
d
±6;XBwA98P4jH*>!V38&B 4[;09>34_8&?W~PC*r¼"¦ID9$4
^
8&e
8j4
^2YX9^2 >#?¶HmnGo]4_8&:`2 8j4PH
*8jX|? EH\GmRo *8jV!2\X? EH\Gm
r¶^_X|?;VX&:<V "8a632\XR^25>#? EH\§E3E NX&:u2\X?;[P8 EH mRo3E
rªµ=8a?98j4_4 $EHD#mRE A:b^
>F4v2 4 ¢H FG¢
W2w?32Y{AY $EH 3D3D ]Xj¥|2Y{AY mH 3oF§
/10:<8j818P4_^2wYtXR^
8j4ﬃX&:b8kB >![jXR^
8nVk^
>{^=098698;:bC{B 8Pdi^Ł>Fdª^=098Z032 4_^
>Fx#:iXY X?;VZ^l>Z^
>k^=0981698;:bC{:`2 x#0R^aHŁŁdi^
8;:ª^
8P4_^2w?9x
 4_8j8~38;B >n
¡
^=098PCcX&:<8X944=25x#?98jVy8;2 ^=098&:ﬃ^
>^=0982w?R^
8jx38;:ﬃ6;X|B´A98j4
d = 0
>:
d = 1
H]r!>¦82?R^
8&:`e&:b8P^t^=09892:
>![j[;A:`:<8;?;[P8{X;4^=098*:<8P4aAB ^>Fd>F698;:e;X&:<X|Yf8P^=:u25}a8nVY>!V38&B 4jH/1098t>F698&:<X|B´B4v0;X|eF8z254XBwYf>34
^74
CY{Y8a^=:`2\[f12 ^=0*X
Yf8nX?h>FdNEH\GmRo#HŁ/098*0RCeF>F^=098j4=2547>FdNXW?9>:YX|B|V!2 4_^=:u2~AR^2 >#?][a>#AB5V~38h:b8 ﬂ$8n[v^
8nVWX9^7XzG|£'~AR^f?9>&^XR^Xcm9£
B 8a698&B A94=2?9x]^=098{@;X;#A98j4$ 8;:iXh^
8P4_^aH
/1098*?98v¥;^4_^
8;eW254^
>*^
8j4
^7dl>:^=098*2?R^
8jxF8&:6;XBwA98j4a¦
H0
'
d = 0
X?;V
H0
'
d = 1
H"^Xz4=25x!?32 g#[jX?;[P8]B 8a698&B|>Fd
G|£.dl>#A: `4v2 ¥hdl>:^=098k¼¼
¡
[PX9^
8Px3>:`2 8j4>Fd-6;X&:u25>#A947V38jx#:b8j8j47>Fd2?R^
8jx!:iXR^25>#?hX&:<8fdl>#A?;VIH"/X~B 8k¢*x!2 698j4^=098
:<8P4aAB ^
4jH
ÂPÂ
Page 11 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
 
SK
¿l¬
 
U "8j[9254=25>!?941dl>:^=098]mnG3oce&:b>Fg!^f:iXR^
8k48;:`2 8j4k~;X;4_8nV>#?{^=098»#I±^
8j4
^
4
H0
'
d = 0
X?;V
H0
'
d = 1
H
ﬃAYz~F8&:<41>FdN4_8&:`2 8j4duXBwB´2w?9xc2?R^
>8nX;[;0*[jXR^
8jx3>:bCjH
d < 0 d = 0 0 < d < 0.5 0.5 ≤ d < 1 d = 1 d > 1 ^
>F^_X|B ?9>WV38n[92 4v2 >#?
r¼ E ¢	 ¢3¢ D#m o#m E mnGD §
 ¼¼ m §3G DF§ mnG G3G m mn§m mnG
ﬀ8;YtX;:µvX~B C§4_8&:u258j4[PX|??9>&^]~38X944=25x!?98nV~PCYf8nX?94h>Fd^=098»# ^
8j4
^
4z098&?:<8;B C32w?9x>#?^=098r¼H/098
:<8jX;4_>#?4_8j8;Y4{^
>~F8^=098B5X&:bx386;X&:`25X|?;[a82w?L^=098e;X;:iXY8a^
8&:8P4_^2wYtXR^
8j4z>Fd7^=098W[;09>F48;?Y>!V38&B 4zX?;Vy4_>X
#X9^B´2wµ=8&B209>¶>#V]d$A?;[a^2 >#?|¦!032\[90cYZ25x#0R^~38ZV#A98t^
>Yf>#V38;B2?;X;V38n#A;X;[aChX|?;V &>:^
>]^=098k4v09>|:©^B 8&?9xF^=0h>Fd-^=098
4_8&:`2 8j4PH/098¼N¼:AB 8C3258;B5V34[P>#?94=2\V38;:iX~B C*Yf>:<8?9>*V38n[R254=25>#?n[PX;4_8j4ﬃ^=0;X|?k^=098r¼Hª ?kX|B´B&^=09>34_8zYf>!V38&B 4
^=098*?AY{~38&:->&de;X;:iXY8a^
8&:<42 4fB X&:<x38;:^=0;X|?2?Z^=098Zr¼Yf>!V38&B¦X|?;V]4_8j8&Y ^
>L~F8k>F698&:`e;X&:iXYf8P^=:`2 }P8jVIHﬃrª2?;[a8
^=098Z>F698&:<X|B´BIe;X9^$^
8;:?2548j4_4_8&?R^2\XBwB Ch^=098{4XYf8F¦#8t12B´B :<8Pdl8;:ﬃ~38&B >n >#?B C{^
>]^=098{r ¼s:b8j4vAB ^
4PH
!:iX;[a^25>!?;X|B´B C2?R^
8jx!:iXR^
8nV³Yf>#V38;B 4]X;:<8[;09>34_8&?X;4]Xx3>!>!VqX|ee;:<>j¥|2YXR^25>#?dl>:¢FGIH\G|£ >Fd^=09848;:`2 8j4*12 ^=0
D#mH £ 4
^_X9^2 >#?;X&:bCWX?;VmR¢H 
£ ?9>#?94_^_XR^25>!?;X&:bCjHt/032 4{2 4z:<8;YtX;:µvX~B 8c2w?^=098WB´25x!0R^f>&d^=098h4a09>:b^=?98P44k>&d^=098
4_8&:`2 8j4X?;V^=098{[P>!?948;:b6;XR^2 698{[;0;X&:<X&[v^
8&:N>Fd^=098Z^
8P4_^2w?9xe;:<>![P8jV#A:<8kdl>:
d = 0
X?;V
d = 1
H
N892 ^=098;:¹4=25x#?32 g[PX|?R^7?98jxXR^2 698k?9>:-B >#?9xY8;Y>:©Ch~38aCj>!?;V
d = 1
254>#~94_8&:©698nV¦!X|?;VZ§o£L GF§|£
¡
>&d¹^=098148;:`2 8j4
X&:b84
^_X9^2 >#?;X&:©C  ?9>#?94
^_XR^25>#?;X&:©C
¡
H /103254L2 4W[a>#Y{e;X&:iX~B 8^
>^=0984_^_XR^25>#?;X;:`2 ^uCX?;X|B C94v2 4]d$:<>#Y ^=098 #8;:<4=254$
^
8&?;[a8z>&d :<>&g!^±t4_^=A;V!2 8j4PHX|Y{~0;XYze;XR^2  m	FG
¡
¦ﬀA94=2?9x]^=098 2\[9µ=8PCn !|AB´B 8&:^
8j4
^dl>:  m
¡
[a>#AB5V?9>F^f:<8 ﬂ$8j[a^
?9>#?94
^_X9^2 >#?;X&:u2 ^uCk>FdŁe;:<>&g!^
42?>#?B ChmR¢{>!AR^>Fd§3Dz[PX;4_8j4ﬃdl>:" ?;V!2\X?z2w?;V#A94_^=:©CnB 8a698&B&VXR^_X!H >!VVX&:<VhX?;V{²³2wB 
4_>#?| m	
¡
8;YzeB >9C32w?9x{VX9^_Xfdl>:ﬀ¢3¢FGpﬃH HFgª:Yf4>F698;:I^=098ZeF8&:u25>!Vm3D; !mtB´2µ8a1254_8{:b8&eF>|:©^?9>!?94_^_XR^25>#?;X;:`2 ^uC
2?]X|ee;:<>j¥|2YXR^
8&B CFG|£¤>FdNgﬀ:`Y4k2?h^=098z4X|Y{eB 8FHf¼Ł:b8j4ve3>¼NA;X&:b8j4vYtXX|?;V4[90nﬃX?;VF^=?98&: ±D3E3E&GX
¡
gﬀ?;Vdl>|:
^=0984XY8VXR^_X48a^"~AR^"A94=2?9x1^=098?9>|:`YtXB´2 }jXR^25>!?~aC^=098ﬃ4XYzeB 8Yf8nX?f2w?Yf>:<8ﬃ^=0;X|?¢3D£ >Fd!^=098[jX948P4^=0;XR^
^=098t?ABwBn>FdﬀXzA?32 ^ﬃ:<>¶>F^N[jX??9>F^~38:b8 ﬂ$8n[v^
8nVzX9^G|£ 4v2 x#?32 g#[jX?;[P8tB 8P698&BA94=2?9x*2w?;V!2 632\V#A;XB 25[;µ=8aC !ABwB 8&:I^
8j4
^
4PH
!A:b^=098&:ﬃ8gª?;V^=0;XR^^=098]^uCe38>Fd?9>|:`YtXB´2 }jXR^25>!?L>Fd^=098VX9^_X2 4*?9>F^t8P44_8&?R^25X|Bªdl>:ﬃ>#A:[P>#?;[9BwA94=25>#?94a¦NX;4
^=098:<8P4aAB ^
4tdl>|:^=098A??9>:YXB´25}a8nVe&:b>Fg¶^z:<X9^
8P4ZX|?;V^=098LY>!V38&B 4Z[;09>34_8&?12 ^=0^=098Wr¹ ¼ X;:<8*698&:©Cc4=2YZ2B X&:$H
 /X|~B 8j4X&:b8{X96;X32B X|~B 8k>#?W:b8n#A98P4_^aH
¡
Â ,
Page 12 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
 
 t,,. !%
N>&^u12 ^=094
^_X?;V!2?9x]^=098t4vYtXBwB?AY{~38;:>Fd>#~94_8&:©6;X9^2 >#?94P¦|8tgª?;V]8P632\V38;?;[P8t^=0;XR^¢FGIH\G|£.>Fd^=098k48;:`2 8j4A?;V38;:
4
^=A;VFCh[PX|?]~F8"8&BwBX|ee;:<>j¥|2YXR^
8nVL~PCkd$:<X&[v^25>#?;XBwB Ch2?R^
8Px#:iXR^
8nVLe;:<>![P8P44_8j44v09>n2w?9x*6;X&:`2 >#A94V38jx#:b8j8j4>FdB >!?9x
:iX?9x38V38;e38&?;V38;?;[P8 
0 < d < 1 ¡
H t?B C§o3£)>Fdﬃ^=098]4_8&:`2 8j4ZX&:b8*dl>#A?;V4_^_XR^25>!?;X&:bCcX|?;V4_>G3§|£ ?9>#?94_^_Xn
^25>!?;X&:bCjHŁ/1032547254:b8&YX&:µ=X|~B 84=2?;[P81^=098t2?R^=:b>#V#A;[v^25>#?k>&dﬀ^=098ZB >#?9xYf8&Yf>|:©Che;X&:<X|Yf8P^
8;:
d
X|B´B >n4dl>|: 6;X&:u25>#A94
V38jx!:<8j8P4Z>Fd4
^_X9^2 >#?;X&:u2 ^uC¶?9>#?94
^_X9^2 >#?;X&:`2 ^`CP¦NX|?;V4>dl>:7XyB X&:<xF8&:[;B X;4_4Z>Fd74
^_XR^25>#?;X&:©C X|B 4>?9>#?94
^_X9^2 >#?;X&:bC
¡
B >n >:iV38;:Yf>#V38;B 4PH/1098Wd$:b8n#A98&?R^Z>![j[9A:<8;?;[P8L>Fd?9>#?94_^_XR^25>!?;X&:`2 ^`C4
^=:<>#?9x!B C[P>!?R^=:iX;V!2\[a^k^=098c[P>#Y{e38a^2 ^2 698
8&?R632w:<>#?Yf8&?R^Ł0RCe3>F^=098P4v2 40325[;0t2Y{eB´2 8j4^=0;XR^^=0988;:<>34=25>!?>Fd¹e;:<>&g!^
4ﬃ0;X|eeF8&?94Ł2w?1XY8jX|?:<8P698;:b^2w?9xze;:<>![P8j4_4PH
Â ﬃ
Page 13 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
 L¬ ±¬
Q
¬
¾NT
¬
M
X32BwB258&¦NNH/fHIX?;V >#B´B 8&:b4aB 8P6|¦/H ¦-m	F§#¦¹¼>!2w?R^
8jx#:<X9^2 >#?|¦Id$:iX;[a^2 >#?;X|B![a>!2?R^
8Px#:iXR^25>#?]X|?;Vc8=¥F[;0;X?9x38:iXR^
8hVFCn
?;XY{25[P4a¦ @9>!A:?;XB|>Fd ! 2w?;X|?;[a8F¦I§!¦ 3¢	;&F§3GIH
8&:<X|?|¦3@;X?|¦mFG¦I]Xj¥|2Y{AY »2µ=8;B´2w09>!>!Vk8j4
^2YX9^2 >#?>Fd ^=098 2 ﬀ8&:<8;?;[92w?9x(#X&:iXY8a^
8&:Idl>:- ?R698&:©^2~B 8rﬀ09>:b^
X?;V»&>#?9xy*8&Yf>:bC7AR^
>:<8Px#:<8P44=2 698 ?R^
8jx!:iXR^
8nV*>F632w?9xW698&:<X;xF8*>#V38;B 4a¦¹@R>#A:`?;X|B!>Fd"^=098Lﬀ>RCnXB#r!^_X9^2 4

^2\[PX|B!r#>![92 8P^uCj¦ r!8&:`2 8j4 "¦IG! §
¡
¦oFG9
o	3D#H
8&:<X|?|¦@9X?|¦ Ł0;X?94X|B2 ¦ŁH@|HŁX?;V%1[;µ=8;:±¦ H¦m	
#¦ k?p"?32 g!8nV *>#V38;Br#8&B 8n[v^25>#?dl>|:r!^_X9^2 >#?;X&:©CX?;V
N>!?94_^_XR^25>#?;X;:bC]rª09>|:©^±X|?;V»&>#?9x;v*8&Yf>:bC{7AR^
>:<8Px#:<8P44=2 698(:<>![P8j4_4_8j4a¦ N2 >#Y8a^=:`2wµvX¶¦ 
&G¦ 3D#ma 3¢F§H
¼X|~B 8F¦@|H ¦@9X;[;µP4>#?|¦¹ŁH 7H H#X?;V0RC94a¦ H¦#D3E3E#m3¦ :<>Fg¶^¼¹C;[9B 8j4 '"/1098 ŁC?;X|YZ2\[a4>&d"¼>:eF>:iXR^
8 #X&:`?32?9x34
ﬀ8a63254=2 ^
8jV¦-W2Yf8j>¦ r[909>!>!B|>Fd]X?;X9x38&Yf8&?R^7X|?;V ŁA94v2w?98j4_4P¦-p"?32 698&:<4=2 ^uC]>Fd-²qXB 8P4jH
¼N:<8j4ve3>L¼NA;X&:<8P4aYX|¦ﬀ@|H!X|?;V 4[90nﬃX?;VF^=?98&:¦ªH¦IDFE3EFGX|¦#/1098Z[P>#Y{e38a^2 ^2 698k8&?R632:b>#?Yf8&?R^0RCeF>F^=098j4=254f:<8P632 4

2 ^
8jV 'N>#?B2?98nX;:`2 ^uCP¦?9>#?94_^_XR^25>!?;X&:`2 ^`C*X|?;Ve&:b>Fg¶^e38;:<4=254
^
8&?;[a8F¦ª7eeB´2 8nV ![P>#?9>!Y{25[P4a¦ dl>:©^=0;[P>#YZ2?9xIH
¼N:<8j4ve3>¼ŁA;X&:b8j4vYtX|¦@|H|X?;V 4[90nﬃX?;VF^=?98&:¦H ¦#D3EFEFG#~|¦|/Ł:iX;[92w?9xz^=098VFC?;X|YZ2\[a4>&d-[P>#Y{e38a^2 ^2 >#? ' ¶6325V38&?;[a8
d$:<>!Y [P>#Y{e;X?RCWe;:<>Fg¶^
4a¦I²>|:`µ;2w?9x #X|eF8&: :±H´E&GEF§¦"8;e;X&:b^=Yf8&?R^>&d ![P>#?9>#YZ2\[a4P¦-p"?32 698&:<4=2 ^uC]>Fd72 8&??;X¶H
258;~3>#B V¦!IH1HªX|?;VyA;V38&~A94[;0|¦ H H ¦m	
	#¦-»;>#?9x:`A?LYf8&Yf>|:©CX|?;Ve38&:b4v2 4_^
8;?;[P8W2w?X9x3x#:<8PxXR^
8z>#AR^=eAR^v¦
@R>#A:?;XB|>Fd7*>#?98P^_X;:bC#[P>!?9>#Y{25[P4a¦ªD#¦m
	9
D3E	#H
8&:b>34vµ;2¦#HH¹X?;V@;X;[j#A98;Y{2w?|¦H ¦"m	

#¦¹/1098#8;:<4=254
^
8&?;[P8>Fdﬃ:<>&g!^
4 'f  A:<>#eF8nX?¼¹>#Y{e;X&:`2 4>!?|¦/098
#[a>#?9>#YZ2\[Z@R>#A:?;XB¦ 	
#¦I¢	&G&
¢	
H
2B $7B X|?;X|¦1»#H\H"X?;Vsﬀ>#~32w?94>!?|¦!8P^
8&:zH ¦m		!¦/8j4
^2?9x>FdZA?32 ^:<>¶>F^zX?;V>&^=098&:k?9>#?94
^_X9^2 >#?;X&:©C0RCn
e3>&^=098j4_8j4t2?YtX;[;:b>!8j[P>#?9>!Y{25[k^2wY8Z4_8&:u258j4a¦ª@R>#A:?;XB|>Fd #[P>!?9>#Y8a^=:`25[P4a¦ 
FE#¦ DF§mP$D3o	
H
2B $7B X|?;X|¦1»#H\H"X?;Vsﬀ>#~32w?94>!?|¦!8P^
8&:zH ¦ﬃD3E3E3E!¦/8j4
^2?9x>Fdfr#8jX;4_>#?;XB !|:<X&[v^25>#?;XBﬃ ?R^
8jx#:<X9^2 >#?q2w?p 
X?;V@9Xe;X|?98P48c¼¹>#?94vAYzeR^2 >#?X?;V ?;[P>!Y8&¦ 2 4[9A944=25>!?ﬀXe38;: >IH ﬀ FE3E&§3E3D#¦/1098rﬀA?R^
>:bC¼8;?R^=:<8&¦
»&>!?;V3>#?*r#[;09>¶>#B|>Fd #[P>!?9>#Y{25[P41X?;V #>!B´2 ^25[jXB¶r[92 8&?;[a83H
ﬃB 8;?|¦7@|H ¦»&8j8&¦HX?;Vqr 2?9x#0|¦H ¦7D3EFE#m3¦ﬃ#8&:b4v2 4_^
8;?;[P8>Fd -:b>Fg!^_X~32B2 ^uCX?;V¼>#Y{e38a^2 ^2 >#?q2w?  Y8;:<x!2w?9x
YX&:µ=8a^
4P¦ ![P>#?9>#YZ2\[a4{»&8P^$^
8;:<4a¦ 3D#¦IDF§	;
DFG3¢H
Â

Page 14 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
>!VVX&:iV¦¶@|HH¶X?;VZ² 2B 4>!?|¦#@|H {HrH ¦ªm+		#¦|/1098 !8&:<4=254
^
8&?;[a8t>Fd#:<>&g!^ ' N8v ªY{e32:`25[jXB ?R^
8&:`e&:b8P^_XR^25>#?|¦
 ?R^
8&:?;XR^25>!?;X|B¶@R>#A:`?;X|B|>Fd7 ?;V#A94_^=:u2\XB k:bxX|?32 }jXR^25>!?|¦m#¦ o3oF¢;
o	
H
ﬃ:iX?9x38;:±¦I¼H ²H@|H¦ m
3E#¦ª»&>#?9xYf8&Yf>|:©C*:<8;B5XR^25>#?94v032e94X?;Vz^=098fX;x3x!:<8jx3X9^2 >#?t>FdVFC?;X|YZ2\[kYf>#V38;B 4a¦!@R>#A:`?;X|B
>Fd #[a>#?9>#Yf8P^=:`25[P4a¦-mn§¦ID3D;
D3¢
H
4[;0nﬃX?;VF^=?98&:¦1H¦1DFE3EFG¦ :<>&g!^eF8&:<4=254
^
8&?;[a82?^=098698;:bCnB >#?9x³:`A? '8P632\V38;?;[P8d$:<>#Y)4vA:b632 69>:b4cX?;V
8v¥|2 ^
8&:b4P¦ 7eeB258nVﬁ#[a>#?9>#YZ2\[P4a¦ ¢	#  
¡
¦ 	3¢;&
3E3oH
ŁXA94_8&:±¦HH¦m		!¦ﬃr#8&YZ2e;X&:<X|Yf8P^=:u2\[X|?;V ?9>#?e;X&:<X|Yf8P^=:u2\[L^
8j4
^2?9xdl>:kB >#?qYf8&Yf>|:©C 'X*>#?R^
8¼X&:B >
4
^=A;VFCj¦  Yze32w:`2\[PX|B ![P>#?9>#YZ2\[a4P¦ DFD#¦IDF§9
D	#m3H
ŁXA94_8&:±¦tHH ¦m+		#¦f]Xn¥|2wYzAY¨B2µ=8;B´2w09>!>!V8P4_^2wYtXR^
>:<4]dl>:N*+X?;V!I* Yf>#V38;B 4 'X *>#?R^
8
¼X&:B >W4=2Y{AB5XR^25>#?|¦@9>!A:?;XB|>Fd"r¶^_X9^2 4_^25[jXB ?Rdl8&:b8&?;[P8{X?;VﬁB5X??32?9x#¦ 
3E#¦IDFD	;
D&G3GIH
A:©632\[90|¦f¼HHcX?;V ﬀXPCP¦ H H ¦tm	FG '*¶4_^2wYtXR^25>#?>Fdt^=098Y8;Y>:bC e;X;:iXY8a^
8&:dl>:{?9>#?94
^_X9^2 >#?;X&:bC>|:
?9>#?32w?R698&:b^2w~B 8kd$:iX;[a^2 >#?;XBwB C2?R^
8Px#:iXR^
8nVe&:b>#[a8j4_48P4P¦ª@R>#A:`?;X|B|>FdN/2Yf8zr!8&:`2 8j417?;XB C94=254a¦mRo# m
¡
¦ﬀm;$§3DH
X|Y{~0;X|Y{e;XR^2 ¦pﬃHrH¦m+	FG¦/1098#8;:<4=254
^
8&?;[a8W>Fd:<>Fg¶^ 2 ﬀ8&:b8&?R^2\XB 4h2w? ?;V!25X|? ?;V#A94_^=:©Cj¦eeB´258jV*![P>&
?9>#YZ2\[a4P¦ D	!¦I¢FG¢;$¢3o#mH
][ NX0;X?|¦¶H©H¶X|?;V#>:b^
8&:¦H ¹H ¦ﬀm+		#¦|/1098 #8;:<4=254
^
8&?;[a8 d-rª09>#[9µj4/> :<>&g!^_X~32B2 ^uCj¦|/1098*ﬀ8a63258v >Fd
#[a>#?9>#YZ2\[a41X|?;VWr!^_X9^2 4_^25[P4a¦ 
#m3 m
¡
¦¹mj§¢;=mjG¢H
cA98&B´B 8;:±¦H¼H ¦m		!¦/098 !8&:<4=254
^
8&?;[a8*>Fd -:b>Fg¶^
47~3>F698t^=098 >|:`Yh¦ ![P>#?9>#YZ2\[PX¶¦#§3§¦I¢3o;
¢	
FEH
cA98&B´B 8;:±¦H¼H ¦m	
3o!¦ -:b>Fg¶^
42?{^=098c»;>#?9xA?|¦¹¼X|Y{~;:`2\V3xF8Wp"?32 698&:<4=2 ^uC:<8P44a¦¼XY{~&:u2\V3x38FH
cA98&B´B 8;:±¦ H ¼"H `8nVIH
¡
¦m	3E!¦ŁC?;X|YZ2\[a4>&d¼¹>#Yze;X?RC:<>&g!^
4 '77? ?R^
8&:`?;X9^2 >#?;XB ¼¹>#Y{e;X&:`2 4>!?|¦-¼X|Y{~;:`2\V3xF8
p"?32 698;:<4=2 ^uC:<8j4_4a¦¼XYz~;:`25V3x383H
]X&:`ARCnXYtX|¦ 7H¶X|?;VVX9x!2:u2 ¦ 7H ¦#DFE3E3D#¦ ">!8P4^=098  e38&:b4v2 4_^
8;?;[P8k>FdŁe&:b>Fg!^
4  e38&:b4v2 4_^ 'XZ4_^=A;VFCt>Fd-[P>!Yze;X?RC
e;:<>Fg¶^
42?*@;Xe;X?|¦m3oF§; 	#¦ﬀ ?R^
8&:?;XR^25>!?;X|B¶@R>#A:`?;X|B|>Fd7 ?;V#A94_^=:u2\XB t:<x3X|?32 }jXR^25>#?|¦D3E#¦mnG#mR¢;=mjG¢3¢H
ﬀ>!~32?94_>#?|¦ #8a^
8&:]H ¦tmF§¦  [92 8&?R^^
8j4
^
4>Fd*?9>#?94
^_X9^2 >#?;X&:©C0RCe3>F^=098P48P4P¦1@R>#A:`?;X|B>Fd^=098y7Yf8&:u2\[jX?
r!^_XR^254
^2\[PX|B¶"4_4>![925X9^2 >#?|¦ 
	#¦mj§D3E;mn§¢	H
8&B X;4[P>¦ª¼X&:`B >34X?;Vﬀ>#~32w?94>#?|¦ #8a^
8&:H ¦#D3EFE3E#¦² 032 ^$^=B 8 4_8&A;V3>&=]Xn¥|2wYzAY »|2wµ=8&B209>¶>#V!4
^2YX9^2 >#?Zdl>|:
N>!?94_^_XR^25>#?;X;:bC*/2Yf8Zr#8;:`258P4P¦ª@R>#A:`?;X|B|>Fd^=098Z7Yf8&:`25[jX?r!^_XR^254
^2\[PX|B¶"4_4>![925X9^2 >#?|¦ FG `§3GD
¡
¦¹mRDFD	;=mnDF§¢H
Â  
Page 15 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review

¯¯
O9¾
¯
O
¬
M'
1) /109878j[P>#?9>!YfC12\V38Yf8nX94vA:<8f2 4N^=098Yf8nV!25X|?>FdI^=098e;:<>&g!^>FdªX14XY{eB 8[a>#?94v2 4_^2w?9xZ>FdY>:b87^=0;X|?Zm+FGE3E3E
>#~94_8&:©6;X9^2 >#?941X|?;VYf>|:b8k^=0;X|?cmnG3GE3Ep-rYtX?ARduX;[a^=A:`2w?9x[P>#Y{e;X|?32 8j4PH
Â 
Page 16 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
Page 17 of 17
Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK
Submitted Manuscript
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
